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(54) INK JET PRINTER 

(57) An ink jet printer includes: a main scan driving 
unit 3 that drives a print liead 2 with nozzle arrays 2a 
and 2b in a main scanning direction relative to a printing 
medium 8, where each nozzle array has a preset 
number of nozzles arranged at a fixed nozzle interval; a 
sub-scan driving unit 4 that drives the printing medium 
S in a sub-scanning direction; a driving unit controller 5 
that controls the main scan driving unit 3 and the sub- 
scan driving unit 4 to locate the print head 2 at predeter- 
mined positions; and a print head driving unit 7 that sup- 
plies electric power to the print head 2 based on print 
image data which includes multi-value tone information 
and is stored in a data storage unit 6. The binary out- 
puts based on the jetting or non-jetting of ink and the 
positional control by the driving unit controller 5 cause 
the print head driving unit 7 to superpose dots upon the 
dots that have already been formed, so as to carry out 
multi-value outputs. 
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Description 

[0001] The present invention relates to an ink jet 
printer that produces a multi-value output of a multi-tone 
image, such as a photographic image. 
[0002] An ink jet printer generally spouts a specific ink 
from ink jet nozzles on a printing medium to form small 
dots to execute printing. In a concrete procedure, the 
following procedure is repeated to execute the printing: 
executing dot printing while driving in a main scanning 
direction a nozzle array having a plurality of nozzles 
arranged in a sub-scanning direction; feeding a paper 
sheet at a predetermined pitch in the sub-scanning 
direction; and executing the dot printing again while 
driving the nozzle array in the main scanning direction. 
[0003] Print outputs made by the ink jet printer are not 
restricted to the conventional print of letters, but it is 
required to print a multi-tone image, such as a photo- 
graphic image, with a high quality The Inkjet printer has 
been improved to satisfy such a requirement, thereby 
attaining higher resolution and enabling the printing with 
the finer dots. According to a generally used method of 
producing a multi-value output of a multi-tone image, 
driving frequency of the Inkjet nozzles in the main scan- 
ning direction is made approximately twice an ordinary 
frequency while the driving distance is minutely regu- 
lated so as to change the pixel density. 
[0004] Fig. 1 shows the concept of a conventional 
multi-value output technique. This example shows dot 
formation by three-value outputs, based on print image 
data including four-value tone information. The four- 
value tone information requires at least 2-bit, and in the 
example of Fig. 1(a), 8-bit (b7-b0) raster byte data con- 
stitutes print image data of four pixels. Two-bit combina- 
tions for expressing each pixel are (b7.b6). (b5,b4), 
(b3,b2), and (b1 ,bO) as shown in Fig. 1 (b). The 2-bit rep- 
resenting the tone of one pixel expresses three value 
outputs by assigning the value *00* to no output of dots, 
'01 * and '10' to outputs of one dot, and '1 V to an output 
of adjoining two dots. 

[0005] In the above conventional ink jet printer, it is 
required to drive the ink jet nozzles at a driving fre- 
quency that is twice an ordinary frequency in order to 
narry oul the muiti-va'us culpirts If ihe main scanning 
speed is fixed. This requires the higher-speed head 
driving mechanism, which undesirably increases the 
required cost. It may be possible to maintain the driving 
frequency of the head while halving the main scanning 
speed only in the case of the multi-value outputs. This, 
however, lowers the throughput of printing to one half 
and increases the control conditions on the main scan- 
ning speed. 

[0006] Some conventional ink jet printers adopt a 
printing scheme of fixed-pitch sub-scans, in order to 
attain high-quality printing. This printing scheme con- 
trols the pitch of sheet feed in the sub-scanning direc- 
tion to be a constant value so that adjoining lines in the 
sub-scanning direction are formed by the dots spouted 



from different ink jet nozzles (see US Patent No. 
4,198,642). When sheet feed errors are accumulated 
under the minute sheet feeding control requirement, the 
above multi-value outputs tend to cause banding. 

5 [0007] The nozzle pitch has been narrowed to 
enhance the printing resolution, but there Is a manufac- 
ture limit to simply narrow the nozzle pitch. Accordingly, 
print heads as shown in Fig. 2 are commercially availa- 
ble, in which plural columns (two columns in this exam- 

10 pie) of nozzle arrays are an-anged apart from each other 
in the sub-scanning direction to apparently narrow the 
nozzle pitch (k pitch in the illustrated example). In such 
conventional print heads, banding due to a positional 
displacement of the nozzles easily occurs if the head is 

15 inclined. The wider distance between the adjoining col- 
umns of the nozzle arrays makes the banding (that is. 
the streak-like pattern formed along the sub-scanning 
direction) more conspicuous. 

[0008] In the conventional multi-value output tech- 
no nique. dots are formed consecutively in the transverse 
direction in the case of three-value outputs. The dot 
shape accordingly tends to be long from side to side as 
shown in Fig. 1 (b). This lowers the image quality due to 
granularity deterioration, and requires more accurate 
25 sheet feed control because the dots do not extend in the 
vertical direction. 

[0009] An object of the present invention is thus to 
provide an ink jet printer that effectively alleviates the 
occurrence of banding without requiring complicated 
30 control and that ensures high<iuality multi-value out- 
puts. 

[0010] In order to attain at least part of the above 
object, an Inkjet printer according to the present inven- 
tion comprises: a print head having a plurality of noz- 

35 zles; a main scan driving unit that drives the print head 
in a predetermined main scanning direction relative to a 
printing medium; a sub-scan driving unit that drives and 
feeds the printing medium in a sub-scanning direction, 
which is perpendicular to the main scanning direction; a 

40 driving unit controller that controls the main scan driving 
unit and the sub-scan driving unit to position the print 
head at predetermined locations; a data storage unit 
that stores print image data including multi-value tone 
informaiion; and a print head-driving unrl that supplies 

45 electric power to the print head to jet ink onto the print- 
ing medium based on the print image data stored in tiie 
data storage unit; the print head including a plurality of 
nozzle groups, each nozzle group forming dots of sub- 
stantially identical color, the print head being driven to 

50 enable each nozzle group to record all pixels in an effec- 
tive recording area on the printing medium; wherein the 
print head-driving unit has a multi-value output mode in 
which the print head is driven so that the print head can 
put a plurality of dots having the substantially identical 

55 color one upon another at an identical position using the 
plurality of nozzle groups, to thereby form multi-value 
dots representing multi-levels. 

[001 1 ] By superposing a plurality of dots having a sub- 
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stantially identical color one upon another, three or 
more tone levels can be expressed by one dot. 
[0012] It is preferable that the print head driving unit 
puts the plurality of dots having the substantially Identi- 
cal color one upon another so that the multi-value dots s 
Is substantially circular. This arrangement effectively 
prevents the occurrence of banding. 
[0013] It Is further preferable that the plurality of dots 
having the substantially Identical color Include a first 
density dot having a relatively low density and a second io 
density dot having a relatively high density; wherein the 
multi-levels Include a first tone level attained by the first 
density dot, a second tone level attained by the second 
density level, and a third tone level attained by super- 
posing the first and second density dots; and wherein is 
the plurality of nozzle groups include at least one nozzle 
group for each of the first and second density dots, 
respectively. This arrangement effects to record dots 
having multi-tone levels with a plurality of different den- 
sity inks. 20 
[0014] It is also preferable that the plurality of nozzle 
groups include at least two nozzle groups for at least 
one of the first density dot and the secorxl density dot, 
the at least two nozzle groups being able to record all 
the pixels in the effective recording area; and wherein 25 
the multi-levels further include a tone level at which the 
at least nozzle groups are used to superpose a plurality 
of Identical density dots one upon another. Alternatively, 
the plurality of nozzle groups may include at least two 
nozzle groups for each of the first density dot and the 30 
second density dot, the at least two nozzle groups being 
able to record all the pixels in the effective recording 
area; and wherein the multi-levels further include a 
fourth tone level at which a plurality of the first density 
dots are laid one upon another and a fifth tone level at 35 
which a plurality of the second density dots are laid one 
upon another. 

[0015] It is also preferable that the data storage unit 
includes a plurality of data blocks for an identical ink, 
each of the plurality of data blocks storing one bit of 40 
pixel information of print image data; and wherein the 
plurality of data blocks are related to the plurality of noz- 
zle groups so that 1-btt print image data in each data 
block is used as data for the related nozzle group. The 
supply of 1 -bit print image data from each data block to 45 
the nozzles in the related nozzle group effectively con- 
trols the jetting or non-jetting of nozzles in the nozzle 
group. 

[001 6] It is preferable that each of the plurality of noz- 
zle groups includes N nozzles (N being a positive inte- so 
ger) arranged at a nozzle interval k (k being a positive 
integer) in the sub-scanning direction; and wherein 
when the number of used nozzles in the sub-scanning 
direction in each nozzle group used for printing is equal 
to n (n being a positive integer of not greater than N). k ss 
and n are prime to each other. 

[0017] The plurality of nozzle groups may include an 
even nozzle array and an odd nozzle array, each having 



N nozzles (N being a positive integer) an-anged at a 
nozzle interval 2k (k being a positive integer) in the sub- 
scanning direction, and the even and odd nozzle arrays 
are apart from each other by a predetermined distance 
in the main scanning direction; and wherein when the 
number of used nozzles in the sub-scanning direction in 
each of the even and odd nozzle arrays used for printing 
is equal to n (n being a positive integer of not greater 
than N), 2k an n are prime to each other 
[0018] If any one of the above relationships between 
k and n is satisfied, the driving unit controller can feed 
the medium in a medium-feed operation mode in which 
a feed amount of the sub-scan driving unit is fixed to n 
dots. 

[001 9] Alternatively, the driving unit controller may use 
a combination of a plurality of differerrt values for feed 
amounts of a plurality of sub-scans. A variety of scan- 
ning schemes capable of recording all the pixels with 
dots are applicable in^espective of whether the nozzle 
interval and the number of used nozzles are prime to 
each other or not. 

[0020] It is preferable that the print head carries out a 
plurality of ink-droplet jetting operations for the plurality 
of dots of the substantially identical color, the plurality of 
operations being candied out in different main scans,, 
respectively. This arrangement makes the Interval of the 
operations for jetting ink droplets to be a period of one 
main scan or more, thereby preventing a blot of the ink 
droplet. 

[0021] A computer readable recording medium 
according to the present invention is on storing a com- 
puter program used in a computer that comprises a print 
head having a plurality of nozzle groups and a data stor- 
age unit, each nozzle group forming dots of a substan- 
tially identical color, the data storage unit storing print 
image data including multi-value tone information, the 
computer program being used for forming dots on a 
printing medium with the print head, the computer pro- 
gram causing the computer to implement: a main scan 
driving function for driving the print head in a predeter- 
mined main scanning direction relative to the printing 
medium; a sub-scan driving function for driving and 
feeding the printing medium in a sub-scanning direction 
that is perpendicular to the main scanning direction; a 
driving unit control function for controlling the main scan 
driving function and the sub-scan driving function to 
locate the print head at predetermined positions; and a 
print head driving function for controlling spout of ink 
droplets on the printing medium based on the print 
image data stored in the data storage unit, wherein the 
print head driving function has a multi-value output 
mode in which a plurality of dots having the substantially 
identical color are laid one upon another at an identical 
position by the plurality of nozzle groups, to thereby 
form multi-value dots representing multi-levels. When 
the computer program is executed by the computer, 
three or more tone levels can be expressed by one dot 
in a similar manner as in the above Inkjet printer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] 

Figs. 1(a) and 1(b) show the concept of a conven- 
tional multi-value output technique; 
Fig. 2 shows a print head having two nozzle arrays 
of even and odd arrays in order to effect a narrower 
pitch; 

Fig. 3 is a block diagram schematically illustrating 

the structure of an image processing system 

applied to the present invention; 

Fig. 4 shows the internal structure of the conputer 

90 and its connection with a network; 

Fig. 5 schematically illustrates the structure of a 

color printer 22 as an exanple of the image output 

apparatus 20; 

Fig. 6 shows the structure of a print head 28; 
Fig. 7 shows the principle of an ink jetting operation; 
Figs. 8(A) and 8(B) show an arrangement of ink jet 
nozzles on ink discharge heads 61-64; 
Fig. 9 shows the structure of an ink jet printer in a 
first embodiment according to the present inven- 
tion; 

Fig. 10 shows an example of raster blocks in a data 
storage unit; 

Fig. 1 1 shows the concept of a multi-value output 

technique of the embodiment; 

Fig. 12(a) shows a process of forming an initial dot 

according to the multi-value output technique of the 

embodiment, and Fig. 12(b) shows a process of 

superposing ink upon the existing dot; 

Fig. 1 3 shows the dot forming positions in a plurality 

of scanning passes: 

Fig. 1 4 shows the structure of another ink jet printer 
in a second embodiment according to the present 
invention; 

Fig. 1 5 shows the dot forming positions in a plurality 
of scanning passes of a dark color nozzle array for 
jetting a high density ink; 

Fig. 1 6 shows the dot forming positions in a plurality 
of scanning passes of a light color nozzle array for 
spouting a low density ink; 

Fig. 17 £SiO*vs the sequence of forming dark color 
dots and light color dots; 

Fig. 18 shows the relationship between the tone 
value, the ink density, and the resulting dot; 
Figs. 19(A) and 19(B) show the fundamental condi- 
tions of general scanning schemes when the 
number of scan repeats s is equal to 1; 
Figs. 20(A) and 20(B) show the fundamental condi- 
tions of general scanning schemes when the 
number of scan repeats s is not less than 2; 
Fig. 21 shows a first scanning scheme using a plu- 
rality of different sub-scan feed amounts; 
Figs. 22(A) and 22(B) shows scanning parameters 
and raster numbers of effective raster lines 
recorded by the respective nozzles in the first scan- 



ning scheme; 

Fig. 23 shows the nozzle numbers for recording the 
effective raster lines in the first scanning scheme; 
Figs. 24(A) and 24(B) show scanning parameters 
5 and raster numbers of effective raster lines 

recorded by the respective nozzles in a second 
scanning scheme using a plurality of different sub- 
scan feed amounts; 

Rg. 25 shows nozzle numbers for recording effec- 
10 tive raster lines In the second scanning scheme; 

Fig. 26 shows a scanning scheme when an offset G 
of the siA)-scan feed amount L is a constant value; 
Fig. 27 shows combinations of a nozzle pitch k with 
desirable offsets G of the sub-scan feed amount; 
15 Rgs. 28(A) and 28(B) show scanning parameters 
and raster numbers of effective raster lines 
recorded by the respective nozzles in a third scan- 
ning scheme using a plurality of different sub-scan 
feed amounts; 

20 Fig. 29 shows nozzle numbers for recording effec- 
tive raster lines in the third scanning scheme; 
Fig. 30 shows scanning parameters in a fourth 
scanning scheme using a plurality of different sub- 
scan feed amounts; 

25 Fig. 31 shows raster numbers of effective raster 
lines recorded by the respective nozzles in the 
fourth scanning scheme; and 
Fig. 32 shows nozzle numbers for recording effec- 
tive raster lines in the fourth scanning scheme. 

30 

BEST MODES FOR CARRYING OUT THE INVEN- 
TION 

A. Structure of Apparatus 

35 

[0023] Fig. 3 is a block diagram illustrating the struc- 
ture of a color image processing system embodying the 
present invention. The color image processing system 
includes a scanner 18. a personal computer 90, and a 
40 color printer 22. The personal computer 90 includes a 
color display 21. The scanner 18 captures color image 
data of a color original, and supplies the original color 
image data ORQ, including G, and B components, to 

the C0lTipU!*:if 90. 

45 [0024] The computer 90 is provided therein with CPU. 
RAM. and ROM (not shown), and an applications pro- 
gram 95 runs under a specific operating system. A 
video driver 91 and a printer driver 96 are incorporated 
in the operating system, and final color image data FNL 

50 of the applications program 95 are output through these 
drivers. The applications program 95 used to, for exam- 
ple, retouch an image, reads an image from the scan- 
ner, execute a prescribed processing, and displays the 
image on the CRT display 93 through the video driver 

55 91 . When the applications program 95 outputs a printing 
instruction, the printer driver 96 receives image informa- 
tion from the applications program 95 and converts the 
input image information to printing signals for the printer 
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22, (The printing signals are binarized signals for the 
respective colors of C. M. Y. and K.) In the example of 
Fig. 1, the printer driver 96 includes: a rasterizer 97 for 
converting the color image data processed by the appli- 
cations program 95 to dot-based image data; a color 
correction module 98 for executing color correction on 
the dot-based image data according to the ink colors of 
C, M, and Y used by the printer 22 and the colorimetric 
characteristics of the printer 22; a color correction table 
CT referred to by the color correction module 98; a half- 
tone module 99 for generating halftone image data, 
which represents image density in a particular area by 
on/off of ink in each dot, from the color-corrected image 
data; and mode selection writing module 1 10 for writing 
mode selection information, which will be described 
later, into a memory in the color printer 22. 
[0025] Fig. 4 is a block diagram illustrating the internal 
structure of the computer 90. The computer 90 includes 
a CPU 81, which executes a variety of arithmetic and 
logic operations according to computer programs in 
order to control operations related to image processing, 
and the following units mutually connected to one 
another via a bus 80. A ROM 82 stores computer pro- 
grams and data required for execution of the variety of 
arithmetic and logic operations by the CPU 81. A RAM 
83 is a memory, which temporarily stores various com- 
puter programs and data required for execution of the 
variety of arithmetic and logic operations by the CPU 
81 . An input interface 84 receives input signals from the 
scanner 1 8 and a keyboard 74, whereas an output inter- 
face 85 sends output data to the printer 22. A CRT con- 
troller (CRTC) 86 controls signal outputs to a CRT 21 
that can display color images. A disk drive controller 
(DDC) 87 controls transmission of data from and to a 
hard disk 76, a flexible drive 75, and a CD-ROM drive 
(not shown). The hard disk 76 stores a variety of com- 
puter programs that are loaded into the RAM 83 and 
executed, as well as other computer programs that are 
supplied in the form of device drivers. A serial input-out- 
put interface (StO) 88 is also connected to the bus 80. 
The SIO 88 is connected to a modem 78 and further to 
a public telephone network PNT via the modem 48. The 
computer 90 is connected with an external network via 
the SIO 88 and the modem 78* and can access a spe- 
cific server SV in order to download the computer pro- 
grams for image processing into the hard disk 76. The 
computer 90 may alternatively execute the required pro- 
grams which have been loaded from a flexible disk FD 
or a CD-ROM. 

[0026] Fig. 5 schematically illustrates the structure of 
the printer 22. As shown In the drawing, the printer 22 
has a mechanism for feeding a sheet of paper P by 
means of a sheet feed motor 23, a mechanism for recip- 
rocating a carriage 31 along the axis of a platen 26 by 
means of a carriage motor 24, a mechanism for driving 
a print head 28 mounted on the carriage 31 to control 
discharge of ink and formation of dots, and a control cir- 
cuit 40 for transmitting signals to and from the sheet 



feed motor 23. the carriage motor 24, the print head 28, 
and a control panel 32, 

[0027] A black ink cartridge 71 and a color ink car- 
tridge 72 for storing plural color Inks can be mounted on 

5 the carriage 31 of the printer 22. Plural ink discharge 
heads 61 through 64 are formed on the print head 28 
that is disposed in the lower portion of the carriage 31 , 
and ink supply conduits 65 (see Fig. 6) are formed In the 
bottom portion of the carriage 31 for leading supplies of 

10 ink from ink tanks to the respective ink discharge heads 
61 through 64. When the black ink cartridge 71 and the 
color ink cartridge 72 are attached downward to the car- 
riage 31. the ink supply conduits 65 are inserted into 
connection apertures (not shown) formed in the respec- 

75 tive cartridges. This enables supplies of ink to be fed 
from the respective ink cartridges to the ink discharge 
heads 61 through 64. 

[0028] The following briefly describes the mechanism 
of discharging ink. When the ink cartridges 71 and 72 

20 are attached to the carriage 31. inks in the ink car- 
tridges 71 and 72 are sucked out through the Ink supply 
conduits 65 by capillarity and are led to the ink dis- 
charge heads 61 through 64 formed in the print head 28 
arranged in the lower portion of the carriage 31 as 

25 shown in Fig. 6. When the Ink cartridges 71 and 72 are 
attached to the carriage 31 , a punrtp works to suck first 
supplies of ink into the respective ink discharge heads 
61 through 64. In this emt)odiment, the structures of the 
pump for suction and a cap for covering the print head 

30 28 during the suction are not illustrated nor described 
specifically 

[0029] An array of thirty-two nozzles 200 is formed in 
each of the ink discharge heads 61 through 64 as 
shown in Fig. 6. A piezoelectric element PE, which is 

35 one of electrically distorting elements and has an excel- 
lent response, is provided for each nozzle 200. Fig. 7 
illustrates a configuration of the piezoelectric element 
PE and the nozzle 200. The piezoelectric element PE is 
disposed at a position that comes into contact with an 

40 ink conduit 80 for leading Ink to the nozzle 200. As is 
known, the piezoelectric element PE has a crystal struc- 
ture that is subjected to a mechanical stress due to 
application of a voltage and thereby carries out 
extremely high-speed conversion of electrical energy to 

45 mechanical energy. In this embodiment, application of a 
voltage between electrodes on either ends of the piezo- 
electric element PE for a predetermined time period 
causes the piezoelectric element PE to extend for th 
predetermined time period and deform one side wall of 

50 the ink conduit 80 as shown In the lower part of Fig. 7. 
The volume of the ink conduit 80 is reduced with an 
extension of the piezoelectric element PE, and a certain 
amount of ink corresponding to the reduced volume is 
sprayed as ink particles Ip from the ends of the nozzle 

55 200 at a high speed. The ink particles Ip soak into the 
sheet of paper P set on the platen 26, so as to repro- 
duce a print. 

[0030] In the printer 22 of the embodiment having the 
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hardware structure discussed above, the sheet feed 
motor 23 rotates the platen 26 and the other related roll- 
ers to feed the printing paper R The carriage motor 24 
drives and reciprocates the carriage 31 , simultaneously 
with actuation of the piezoelectric elements PE on the 5 
respective ink discharge heads 61 through 64 of the 
print head 28. The printer 22 accordingly sprays the 
respective color inks and forms a multi-color image on 
the printing paper R Concrete arrangements of the noz- 
zles in the respective ink discharge heads 61 through 10 
64 will be discussed later. 

[0031] The mechanism for feeding the printing paper 
P Includes a gear train (not shown) for transmitting rota- 
tions of the sheet feed motor 23 to the platen 26 as well 
as a sheet feed roller (not shown). The mechanism for is 
reciprocating the carriage 31 includes a sliding shaft 34 
arranged in parallel with the axis of the platen 26 for sli- 
dably supporting the carriage 31, a pulley 38. an end- 
less drive belt 36 spanned between the carriage motor 
24 and the pulley 38. and a position sensor 39 for 20 
detecting the position of the origin of the carriage 31. 
[0032] The control circuit 40 includes a CPU (not 
shown), main memories having a ROM and a RAM (not 
shown), and a programmable ROM (PROM) 42, which 
is a rewritable non-volatile memory. The PROM 42 25 
stores dot recording mode information including param- 
eters with respect to a plurality of dot recording modes. 
The "dot recording mode" denotes a scanning scheme 
defined by the number of actually used nozzles N, the 
sub-scan feed amount L. and others. In the specification 30 
hereof, the terms "scanning scheme" and "recording 
mode" have substantially the same meanings. Concrete 
examples of the dot recording modes and their related 
parameters will be described later. Mode selection infor- 
mation is also stored in the PROM 42 to select a desired 35 
mode among the plurality of dot recording modes. For 
example, when the PROM 42 can store sixteen pieces 
of dot recording mode information, the mode selection 
information consists of four-bit data. 

[0033] The dot recording mode information is read by 40 
the printer driver 96 from the PROM 42 when the printer 
driver 96 (Fig. 3) is installed at the startup of the compu- 
ter 90. In more concrete terms, the printer driver 96 
reads the dot recording mode information correspond- 
ing to a desired dot recording mode specified by the 45 
mode selection information from the PROM 42. The 
processes in the rasterizer 97 and the halftone module 
99 as well as the main scans and sub-scans are carried 
out according to the dot recording mode information. 
[0034] The PROM 42 may be any rewritable non-vol- so 
atile memory and is, for example, an EEPROM or a 
flash memory. The dot recording mode information may 
be stored in a non-rewritable ROM, while it is preferable 
that the mode selection information is stored in the 
rewritable non-volatile memory. Plural sets of dot ss 
recording mode information may be stored in a storage 
device other than the PROM 42 or alternatively in the 
printer driver 96. 



[0035] Figs. 8(A) and 8(B) show an arrangement of ink 
jet nozzles in the ink discharge heads 61 through 64. 
The first head 61 has a nozzle anray for jetting black ink. 
Similarly the second through the fourth heads 62 
through 64 respectively have nozzle arrays for jetting 
respective inks which are different in color or density. 
These four nozzle arrays have identical positions in the 
sub-scanning direction. 

[0036] Each of the four nozzle arrays includes thirty- 
two nozzles 200 arranged in a zigzag manner with a 
constant nozzle pitch k in the sub-scanning direction. 
The thirty-two nozzle 200 included in each nozzle an'ay 
may be arranged in alignment, instead of in the zigzag 
manner. The zigzag arrangement as shown in Fig. 8(A). 
however, has the advantage of being able to set a 
smaller nozzle pitch k in the manufacturing process. 
[0037] Fig. 8(B) shows an arrangement of a plurality 
of dots formed by one nozzle an-ay In this embodiment, 
driving signals are supplied to the piezoelectric ele- 
ments PE (Fig. 7) of the respective nozzles in order to 
cause a plurality of dots formed by one nozzle array to 
be arranged substantially in alignment in the sub-scan- 
ning direction, regardless of the arrangement of the ink 
nozzles; that is, whether the nozzles are arranged in 
zigzag or in alignment. By way of example, it is 
assumed that the nozzles are arranged in zigzag as 
shown in Fig. 8(A) and that the head 61 is scanned 
rightward in the drawing to form dots. In this case, a 
group of preceding nozzles 100, 102, ... receive driving 
signals at an earlier timing by d/v [second] than a group 
of following nozzles 101. 103.... Here, d [inch] denotes a 
pitch between the two nozzle groups in the head 61 (See 
Fig. 8(A)), and v [inch/second] denotes the scanning 
speed of the head 61 . A plurality of dots formed by one 
nozzle array are accordingly arranged in alignment in 
the sub-scanning direction. As described later, all of 
thirty-two nozzles provided in each of the heads 61 
through 64 are not always used, but only part of the noz- 
zles may be used according to the scanning scheme. 
[0038] The nozzle array in each Inkjet head shown in 
Fig. 8(A) corresponds to the dot forming elemerrt array 
of the present invention. The feeding mechanism of the 
carriage 21 including the carriage motor 24 shown in 
SccHsi^pjr.di^trj tiie main ecan driving unit, and the 
feeding mechanism of the paper including the sheet 
feed motor 23 corresponds to the sub-scan driving unit. 
Moreover, a circuit including the piezoelectric element 
PE of each nozzle corresponds to the head driving of 
the present invention. The control circuit 40 and the 
printer driver 96 (Fig, 3) correspond to the control unit of 
the present invention. 

B. First Embodiment 

[0039] Fig. 9 is a functional block diagram of an ink jet 
printer 20 in a first emkxxJiment according to the present 
invention. The ink jet printer 20 includes a print head 2, 
a main scan driving unit 3. a sub-scan driving unit 4, a 
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driving unit controller 5, a data storage unit 6, and a 
print head driving unit 7. The print head 2 in Fig. 9 cor- 
responds to the print head 28 in Fig. 5, whereas the 
main scan driving unit 3, the sub-scan driving unit 4. 
and the print head driving unit 7 respectively correspond 
to the carriage motor 24. the sheet feed motor 23. and 
the piezoelectric element PE of Fig.6. The driving unit 
controller 5 and the data storage unit 6 correspond to 
the control circuit 40 in Fig. 5. 

[0040] Uke the example shown in Fig. 2. the print 
head 2 includes an even nozzle array 2a and an odd 
nozzle array 2b, which have the nozzle interval 2k 
(where k is a positive integer) and the number of used 
nozzles n (seven nozzles are used where N=8 in the 
example shown in Fig. 2) and are arranged at a prede- 
termined interval in the main scanning direction. When 
the sub-scan feed amount is a constant value, the noz- 
zle internal 2k and the number of used nozzles n are 
prime to each other. 

[0041] The main scan driving unit 3 drives the print 
head 2 in a predetermined main scanning direction (the 
transverse direction in the drawing of Fig. 9) relative to a 
printing medium S, such as a sheet of printing paper. 
The sub-scan driving unit 4 drives and feeds the printing 
medium S in a sub-scanning direction (the vertical 
direction in the drawing of Fig. 9). which is perpendicu- 
lar to the main scanning direction. 
[0042] The driving unit controller 5 regulates the driv- 
ing amounts and the driving timings of the main scan 
driving unit 3 and the sub-scan driving unit 4, so as to 
shift the print head 2 in the main scanning direction to 
predetermined positions. The driving unit controller 5 
implements a medium feeding operation mode, in which 
the feed amount of the printing medium by the sub-scan 
driving unit 4 is a constant value of n dots, that is, the 
printing scheme using the fixed-pitch sub-scans 
described above. An example using non-constant sub- 
scan feed amounts will be descrived later. 
[0043] The data storage unit 6 has a memory, in which 
print image data including multi-value tone information 
is stored. The memory has two data block areas, that is, 
a raster block 0 and a raster block 1 as shown in Fig. 10. 
The respective raster blocks 0. 1 have 4-vaIue tone 
information as the 2-bit combinations for each dot at an 
identical position. The dot formation data to be output to 
the even nozzle array 2a is stored in the raster block 0. 
whereas the dot formation data to be output to the odd 
nozzle array 2b is stored in the raster block 1. Like the 
prior art structure, the ink jet printer 1 of this embodi- 
ment expresses three values by the 2-bit information at 
the corresponding positions in the raster blocks 0. 1 . 
[0044] The print head driving unit 7 supplies electric 
power to the print head 2, based on the print image data 
stored in the data storage unit 6, thereby jetting ink from 
desired nozzles in the even nozzle array 2a and the odd 
nozzle array 2b onto the printing medium S. 
[0045] As shown in Fig. 11 , the multi-value outputs of 
the ink jet printer 1 of the embodiment include no output 



of dots when the 2-bit data representing the tone of 
each dot is equal to '00*. and one-dot output by the 
standard sub-scan control if the 2-bit data is equal to 
'OV or '10'. If the 2-bit data is equal to '11', the driving 

5 unit controller 5 regulates the position of the print head 
2 and spouts an ink droplet to overlay a dot on an exist- 
ing dot, thereby effecting the 3-value output. The dot 
formed by the 3-value output in this embodiment has a 
greater diameter than the dot by the 2-value output and 

10 a nearly complete round shape. 

[0046] The following describes the details of the 3- 
value output technique in this embodiment with Fig. 12. 
As described previously, no ink jettir\g from a nozzle 
results in 'dot-less state*, and ink jetting results in 'dot- 

15 formed state*. In the 'dot-formed state*, ink deposited on 
the printing medium S is gradually soaked into the print- 
ing medium S (see Fig. 12(a)). When an ink droplet is 
deposited at the position where a dot has already been 
formed, the newly deposited ink is soaked around the 

20 previously deposited ink to form a larger dot (see Fig. 
12(b)). This ensures dot formation by the 3-value out- 
put. 

[0047] An example of the multi-value outputs in this 
embodiment is described with the drawing of Fig. 13. 

25 Fig. 13 shows the dot forming positions in a plurality of 
scanning passes. In this example, while printing is car- 
ried out according to the technique of fixed-pitch sub- 
scans, the driving unit controller 5 controls to locate the 
even nozzle array 2a and the odd nozzle array 2b at pre- 

30 determined identical positions. In the drawing of Fig. 1 3, 
the symbol O denotes dots formed by the even nozzle 
array, and the symbol □ denotes dots formed by the odd 
nozzle array 2b. 

[0048] In the example of Fig. 13, the nozzle #8 of the 

35 even nozzle array 2a in the third main scan pass is 
located at the same dot forming position as that of the 
nozzle #1 of the odd nozzle array 2b in the seventh main 
scan pass. Predetermined dots are then formed based 
on the 2-bit multi-value tone data stored in the raster 

40 blocks 0. 1. 

[0049] As described above, the multi-value output of 
this embodiment has the same main scanning speed 
and head frequency as those in the normal operation. 
Unlike the prior art. this does not increase the cost of 

45 the head driving mechanism nor complicates the proc- 
ess of controlling the main scanning speed. The 
decrease in throughput is substantially equivalent to 
that when the main scanning speed is halved in the prior 
art. The dot shapes by the 3-value output in this embod- 

50 iment is basically a complete round, thereby reproduc- 
ing high quality resulting images. 
[0050] In this embodiment, the dot by the 3-value out- 
put are all laid one upon another. Even when the 
inclined print head causes a positional displacement of 

55 the nozzles, some overlap is still expected and effec- 
tively prevents quality reduction of the resulting image. 
This means that accumulation of sheet feed errors does 
not cause much trouble when an identical dot position 
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can be scanned a plurality of times to overlap two dots. 
This arrangement also ensures 'solid' filling. 
[0051] As described previously, the arrangement of 
this embodiment enables printing by the f i>ed pitch sub- 
scans in the same manner as the prior art, thereby s 
advantageously giving high-quality prints. 
[0052] In this embodiment, dots may be superposed 
to effect the 3-va!ue output with a time difference that is 
not shorter than the time period required for one scan. 
This arrangement ensures sufficient drying of the previ- io 
ously formed dot and thereby prevents a blot of Ink. 
Another advantage is the Improved dot density by 
superposing a new dot upon a dried dot. 
[0053] Although one embodiment of the present 
Invention Is described above, the present invention Is is 
not restricted to this embodiment in any sense. For 
example, in the above embodiment, the nozzle array 
arranged on the print head includes an even nozzle 
array and an odd nozzle array that mutually interpolate 
the nozzle interval, and the used nozzles are classified 20 
by selecting one every n nozzles In the main scanning 
direction. Alternatively, the print head may have an 
arrangement such that nozzle groups each including n 
(=N) nozzles with a nozzle Interval k in the sub-scan- 
ning direction are arranged at a fixed interval k In the 25 
sub-scanning direction. In the example of Fig. 2 where n 
is equal to 7, the seven nozzles may be aligned In the 
sub-scanning direction, like 7 dots of #0-#6 and 7 dots 
of #7-#13. When the number of used nozzles n is 
selected among N nozzles In each nozzle group, selec- so 
tion of k and n which are prime to each other enables 
the superposition of dots of a specific number equal to 
the number of nozzle groups through identical control. 

C. Second Embodiment 35 

[0054] A second embodiment of the present invention 
is described with the drawings of Figs. 14 through 18. In 
this embodiment, the like elements of the first embodi- 
ment are assigned with the like numerals and not spe- 40 
clfically described here. This embodiment Is 
characterized by the structure with two nozzle arrays, 
that is, a nozzle array for spouting higher-density Ink 
a/id n nozzie array for spouting lower- density \r\K 
superpose dots formed by Ink droplets of different den- 45 
sitles one upon the other at an Identical printing posi- 
tion, so as to ensure the richer multi-tone expression. 
[0055] A print head 1 1 of this embodiment has a dark 
color nozzle array 12 for spouting higher-density Ink 
(hereinafter referred to as 'dark color' and shown as so 
'dark' In the drawings) and a light color nozzle array 13 
for spouting lower-density Ink (hereinafter referred to as 
'light color' and shown as 'light' in the drawings), which 
are arranged apart from each other by a predetermined 
interval in the main scanning direction. ss 
[0056] The dark color and light color here represent 
inks that have a practically Identical color and different 
lightness (densities) artd are selected for the multi-tone 



expression, for example, dark cyan and light cyan or 
dark magenta and light magenta. 
[0057] In this specification, the plural types of Inks 
having a substantially identical color and different densi- 
ties are referred to as the 'different density Inks'. The 
plural types of dots that are formed on the printing paper 
(printing medium) and recognized by the observer to 
have a substantially Identical color but different print 
densities (reproduction densities) are referred to as the 
'different density dots'. The observer generally recog- 
nizes the dots that are formed by the same Ink but have 
different diameters to have different print densities. It is 
accordingly possible to form the 'different density dots' 
by using the same Ink of identical color and density 
while varying dot diameters. 

[0058] Each of the nozzle arrays 12 and 13 has a first 
nozzle group that includes N nozzles arranged at a pre- 
determined nozzle interval in the subscanning direction, 
and a second nozzle group that is arranged apart from 
the first nozzle group by a predetermined nozzle Interval 
In the sub-scanning direction and Includes N nozzles 
arranged at a predetermined nozzle interval In the sub- 
scanning direction. 

[0059] The following describes the arrangement more 
in detail. As shown in Fig. 15, the dark color nozzle 
array 12 has a first nozzle group 12A that includes five 
nozzles #5 to #9 shown by the symbol a and arranged 
at a predetermined nozzle interval k in the sub-scanning 
direction, and a second nozzle group 12B that Is apart 
from the first nozzle group 12A by the predetermined 
nozzle Interval k and includes five nozzles #0 to #4 
shown by the symbol O and arranged at the predeter- 
mined nozzle Interval k In the sub-scanning direction. 
The dark color ink Is spouted from the respective noz- 
zles included in the nozzle groups 12A and 12B based 
on the print image data. 

[0060] In a similar manner, as shown In Fig. 16, the 
light color nozzle array 13 has a first nozzle group 13A 
that includes five nozzles #5 to #9 shown by the symbol 
V and arranged at the predetermined nozzle Interval k 
in the sub-scanning direction, and a second nozzle 
group 13B that Is apart from the first nozzle group 13A 
by the predetermined nozzle interval k and includes five 
nozzles #0 to #4 shcvri by the symbol 0 and arranged at 
the predetermined nozzle interval k In the sub-scanning 
direction. The light color ink Is spouted from the respec- 
tive nozzles Included in the nozzle groups 13A and 138 
based on the print image data. In Figs. 15 and 16, the 
hatched symbols of O, □, v, 0 represent the nozzles that 
can operate in printing. 

[0061] In this embodiment, both the total number of 
nozzles N and the number of used nozzles n are equal 
to *5\ and the values n and k are determined to be prime 
to each other as described In the first embodiment. For 
example, k is set equal to '4'. These values N=n=5 and 
k=4 are only illustrative for the purpose of explanation, 
and the present invention Is not restricted to these val- 
ues. 
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[0062] Like the data storage unit 6 in the first embod- 
iment, the data storage unit 1 4 includes a memory, in 
which print image data including multi-value tone infor- 
mation is stored, and has a plurality of data block areas 
suitable for the tone information. Since the print head 1 1 5 
used in this embodiment has the two nozzle arrays 12 
and 13 for the dark color and the light color, the data 
storage unit 14 has four data block areas, that is, raster 
blocks 0 to 3. 

[0063] The two raster blocks 0, 1 are assigned to the 
dark color nozzle an-ay 12. The respective raster blocks 
0, 1 represent four-value tone information by the 2 bits 
each assigned to one dot at an identical position. The 1 - 
bit dot formation data to be output to the first nozzle 
group 1 2A is stored in the raster block 0, whereas the 1 - 
bit dot formation data to be output to the second nozzle 
group 12B is stored in the raster block 1 . 
[0064] When the dot formation data at a particular 
position in both the raster blocks 0, 1 are equal to *0', no 
dot is formed at the position. When the dot formation 
data in the raster block 0 is equal to '1 ' and the dot for- 
mation data in the raster block 1 is equal to '0', only one 
ink droplet of the dark color hits the printing medium S, 
thereby forming a dark color dot. When the dot forma- 
tion data in both the raster blocks 0, 1 are equal to *1', 
two ink droplets of the dark color hit a substantially iden- 
tical position at an interval of a preset time period, 
thereby forming a darker color dot. This means that the 
2-bit information at the corresponding positions in the 
raster blocks 0, 1 enables the expression of the total 3 
values: that is. no output of dots, output of one dark 
color dot, and one overlapped dark color dot. 
[0065] In a similar manner, the raster blocks 2 and 3, 
which represent four-value tone information by the 2 bits 
each assigned to one dot at an identical position, are 
assigned to the light color nozzle array 13. The 1 -bit dot 
formation data to be output to the first nozzle group 1 3A 
is stored in the raster block 2, whereas the 1 -bit dot for- 
mation data to be output to the second nozzle group 
13B is stored in the raster blocks. The 2-bit information 
at the corresponding positions in the raster blocks 2 and 
3 enables the expression of the total 3 values: that is. no 
output of dots, output of one tight color dot. and one 
overlapped light color dot. 

[0066] It is also possible to cause the light color nozzle 
array 13 to overlay a fight color dot on a dark color dot 
which has already been formed by the dark color nozzle 
array 12. The total of 8-value tones can thus be 
expressed by the combinations of the superposable 
dark color dots with the superposable light color dots. In 
this embodiment, however. 6-value multi-tone expres- 
sion is applied as described later. The print head driving 
unit 15 controls the dot outputs of the print head 11 
based on the dot formation data stored in these raster 
blocks 0 to 3. 

[0067] An exemplified operation of the multi-value out- 
puts by the respective nozzle arrays 12 and 13 are 
described with Figs. 15 and 16. Fig. 15 shows the posi- 



tions where the dark color nozzle array 12 forms dots by 
a plurality of main scan passes. The print head 1 1 is 
controlled by the driving unit controller 1 4 so that the dot 
forming positions by the first nozzle group 12A overlap 
with those by the second nozzle group 12B. 
[0068] By way of example, the nozzle #8 in the first 
nozzle group 12A on the pass 1 and the nozzle #3 on 
the pass 5 are located at an identical dot forming posi- 
tion (raster line 1). As described in the first embodiment, 
dots are formed based on the 2-bit multi-value tone data 
stored in the raster blocks 0, 1. In the illustrated exam- 
ple, the overlapping of the dot forming positions (raster 
lines) occurs at a predetermined pass interval AP, that 
is. once every 4 passes. 

[0069] As shown by the raster lines 1 to 23. dots can 
be initially formed on all the raster lines in a printing area 
by the nozzles in the preceding first nozzle group 12A. 
The nozzles in the following second nozzle group 12B 
can subsequentiy superpose dots upon the initially 
formed dots. When two nozzle groups, each having a 
plurality of nozzles arranged at a predetermined nozzle 
interval k in the sub-scanning direction, are adjoined to 
each other across the predetermined interval k in the 
sub-scanning direction, one nozzle group may be 
referred to as the ^preceding nozzle group' and the other 
as the 'following nozzle group'. 

[0070] Referring to Fig. 16. like the dark color nozzle 
array 12, the light color nozzle array 13 is controlled by 
the driving-unit controller 5 so that the dot forming posi- 
tions by the first nozzle group 13A overlap with those by 
the second nozzle group 13B. In the light color nozzle 
array 13, dots can be formed first by the first nozzle 
group 13A and then by the second nozzle group 13B as 
shown in Fig. 16. 

[0071 ] Fig. 1 7 shows the sequence of forming dots by 
the dark color nozzle array 12 and the light color nozzle 
array 13. 

[0072] As described above, the first nozzle group can 
form dots at specific dot forming positions, whereas the 
second nozzle group of the same nozzle array can form 
dots at the same dot forming positions after the prede- 
termined pass interval AP (AP=4 in this embodiment). 
Referring to Rg. 17. the difference between the time 
point of dot forming by the preceding first nozzle group 
and that by the following second nozzle group is equal 
to a time period TAP, which depends upon the pass 
interval AP and the main scanning speed. The differ- 
ence between the time point of dot formation by the cor- 
responding nozzle groups of the different nozzle arrays, 
on the other hand, is equal to a time period Td. which 
depends upon a distance d between the nozzle arrays 
12 and 13 in the main scanning direction and the main 
scanning speed. 

[0073] The sequence of possible dot formation at a 
specific dot forming position is: preceding dark color 
dots (□) by the first nozzle group 12A in the dark color 
nozzle array 12; -> preceding light color dots (v) by the 
first nozzle group 13A in the light color nozzle array 13; 
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^ following dark color dots (O) by the second nozzle 
group 12B in the dark color nozzle array 12; following 
light color dots (0) by the second nozzle group 13B in 
the light color nozzle array 13. 

[0074] This sequence of forming the dark color dots 
and the light color dots may be utilized to effect, for 
example, 6-value multi-tone expression. Fig. 18 shows 
the relationship of: the 6-value tones in the range of 0 to 
5, the selected ink densities, the dot formation data 
stored in the raster blocks, and the conceptual plan view 
of the dots formed on the printing medium S. 
[0075] If the tone value is zero, which represents no 
output of dots at a specific position, the dot formation 
data '0' is given to the corresponding nozzles in the 
respective nozzle arrays 12 and 13. No ink droplets are 
accordingly spouted from either nozzles to form pixels. 
[0076] If the tone value is 1 , only one light color dot (v) 
is formed. Either the first nozzle group 1 3A or the sec- 
ond nozzle group 1 3B is actuated to spout one ink drop- 
let of the light color, in order to form only one light color 
dot. It is accordingly sufficient to give the dot formation 
data '1 ' to either one of the corresponding nozzles in the 
respective nozzle groups. By taking into account the 
case in which a light color dot is superposed as dis- 
cussed later, however, it is advantageous to give the 
data '1 * to the nozzle in the preceding first nozzle group 
13A while giving the data '0' to the corresponding nozzle 
in the following second nozzle group 13B. Namely the 
preceding first nozzle group 1 3 A form a light color dot to 
effect the tone value 1 . 

[0077] If the tone value is 2. another light color dot (0) 
is superposed upon the light color dot (v) formed by the 
preceding first nozzle group 13A after the predeter- 
mined pass interval AP. The light color dot formed by the 
preceding nozzle is sufficiently dried before the elapse 
of the pass interval AP, so that superposing another ink 
droplet by the following nozzle does not cause a signifi- 
cant blot of the resulting dot. Since a new light color dot 
is superposed upon the light color dot previously formed 
after it dried, the density of the resulting dot is increased 
compared with a single light color dot. 
[0078] The tone value of 3 is attained by a single dark 
color dot (D). In the same manner as the case of the 
tone valui' of 1 , the "lot format!^'»n data '1 * is given io oniy 
the nozzle in the preceding first nozzle group 12A. This 
causes only one ink droplet of the dark color to hit a 
specified position, so as to effect the tone value 3. which 
represents the higher density than that of the tone value 
2. 

[0079] The tone value of 4 is attained by superposing 
a light color dot upon a dark color dot. As discussed with 
Fig. 17, there are three available methods applicable to 
superpose a light color dot upon a dark color dot. 
[0080] The first method first forms a preceding dark 
color dot (□) by the first nozzl" group 12A of the dark 
color nozzle an^ay 12 and then forms a preceding light 
color dot (V) by the first nozzle group 13A of the light 
color nozzle array 13 (n-i-v). The second method first 



forms a following dark color dot (O) by the second noz- 
zle group 12B of the dark color nozzle array 12 and then 
forms a following light color dot (0) by the second nozzle 
group 13B of the light color nozzle array 13 (O-i-O). The 

5 third method first forms a preceding dark color dot (□) 
by the first nozzle group 12A of the dark color nozzle 
array 12 and then forms a following light color dot (0) by 
the second nozzle group 13B of the light color nozzle 
array 13 (n+0). In both the first and second methods, 

10 the jetting interval between ink droplets is the extremely 
short time period Td, which depends upon the nozzle 
array interval d. There is accordingly a possibility that a 
following dot is formed before the preceding dot is suffi- 
ciently dried. 

75 [0081] In this embodimerrt, the third method is applied 
so that a following dot is superposed upon the preced- 
ing dot that has been dried sufficiently. The third method 
applied to this embodiment effectively prevents an ink 
blot and increases the density of the resulting dot. Both 

20 the first and second methods are, however, included in 
the technical scope of the present invention. 
[0082] The tone value of 5 is attained by overlapping 
two dark color dots each other. In the same manner as 
the case of the tone value of 2. a following dark color dot 

25 is formed after the time period TAP, which depends 
upon the pass interval A, has elapsed since formation of 
a preceding dark color dot. This increases the density 
(tone) of the resulting dot, compared with a single dark 
color dot. 

30 [0083] As described above, the second embodiment 
enables inks of different densities to be spouted at an 
identical position so that dots of different densities over- 
lap each other. Compared with the first embodiment, the 
second embodiment ensures richer tone expression 

35 and carries out high-quality printing like a photographic 
image. 

[0084] Since the second embodiment can overlap 
dots at an identical position, like the first embodiment, it 
ensures formation of a dot having a nearly complete 

40 round shape if the accuracy of the main scans and the 
sub-scans is within a predetermined range. This 
improves the deterioration of the granularity in the low- 
density area due to the uneven dot shape. Even when 
the accijfacy of the si't-scans is lowered by the effects 

45 of the paper quality or the humidity, the superposed dots 
tend to grow in the sub-scanning direction, and a white 
streak (white banding phenomenon) is prevented 
accordingly. If dots grow in the sub-scanning direction, a 
decrease in overlapping area of the dots reduces the 

50 density at the printed position from the expected den- 
sity. The growth of the dots in the sub-scanning direc- 
tion, however, increases the dot formation area. This 
increase in dot formation area compensates for the 
reduced density and thereby prevents the printing qual- 

55 ity from being lowered. 

[0085] The structure of making a preceding dot and a 
following dot overlap each other after the predetermined 
pass interval AP enables a new dot to be superposed 
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upon the dot previously formed and sufficiently dried. 
This effectively prevents a blot of the resulting dot on the 
sheet surface while increasing the density of the result- 
ing dot, thereby increasing the amount of ink hit per unit 
area. This extends the range of tone expression per unit 5 
area and improves the degree of freedom of dots in mid- 
dle tone. 

[0086} Although the second embodiment is directed to 
the case where the ink density is classified into two lev- 
els, that is. dark and light, the present invention is not 10 
restricted to this structure but is applicable to any other 
structures, for example, one classifying the ink density 
into three levels, that is, high density, Intermediate den- 
sity, and low density. 

[0087] In the ink jet printer for color printing, the differ- is 
ent density inks may be provided for the four colors, 
black, cyan, magenta, and yellow, or for the three colors, 
cyan, magenta, and yellow. Alternatively the different 
density Inks may be provided only for one or a plurality 
of specific colors. For example, the different density inks 20 
may be provided for only cyan and magenta, while the 
ink of a single density is used for black and yellow. 
[0088] although the above embodiment uses two noz- 
zle groups for the dark ink and the light ink, the present 
invention is also applicable to the case in which only one 25 
nozzle group is used for the dark ink and the light ink. 
respectively. This configuration is attained by specifying 
one of the two nozzle arrays 2a and 2b for the dark ink 
and the other for the light ink in the structure of the first 
embodiment shown in Fig. 9. In this case, the multi-lev- 30 
els expressible by one pixel include a first tone level 
obtained by one dot of the light ink. a second tone level 
obtained by one dot of the dark Ink, and a third tone 
level obtained by overlapping dots of the dark ink and 
the light ink. 35 
[0089] The present invention is also applicable to the 
case In which an identical ink is used to form plural 
types of different density dots having different sizes, so 
as to form multi-level dots. In this case, at least one noz- 
zle group is used for each of the plural types of different 40 
density dots having different sizes. The different density 
dots having different sizes can be formed by, for exam- 
ple, a nozzle group of a relatively large diameter and a 
nozzle group of a relatively small diameter. These dots 
of different sizes can alternatively be formed by the 45 
technique of dot diameter modulation where the dot 
diameter (that is, the spouted ink droplet) is varied by 
changing the ink spouting energy to at least one of a 
plurality of nozzle groups. 

50 

D. Method of Sub-Scan Feed 

[0090] A variety of scanning schemes with a plurality 
of different sub-scan feed amounts may be applicable to 
the respective nozzle groups in the first and the second 55 
embodiments discussed above. The following describes 
the fundamental conditions required for the general 
scanning scheme, prior to the explanation for the variety 



of scanning schemes applied to the emtxxiiments of the 
preserrt invention. 

[0091] Fig. 19 shows the fundamental conditions of 
the general scanning scheme. Fig. 19(A) shows a sub- 
scan feed with one nozzle group including four nozzles, 
and Fig. 19(B) shows the parameters of this scanning 
scheme. The details of the parameters will be described 
later. The following description is made for the case in 
which one nozzle group is used for spouting identical 
ink. For example, the nozzle group including four noz- 
zles shown in Fig. 19(A) corresponds to either the even 
nozzle array 2a or the odd nozzle array 2b of Fig. 9. 
[0092] Figs. 1 9(A) and 1 9(B) show basic conditions of 
a general scanning scheme when the number of scan 
repeats s is equal to one. Fig. 19(A) illustrates an exam- 
ple of sub-scan feeds with five nozzles, and Fig. 19(B) 
shows parameters of the scanning scheme. In the draw- 
ing of Fig. 19(A), solid circles including numerals indi- 
cate the positions of the five nozzles in the sub- 
scanning direction after each sub-scan feed. The encir- 
cled numerals 0 through 3 denote the nozzle numbers. 
The five nozzles are shifted in the sub-scanning direc- 
tion every time when one main scan is concluded. Actu- 
ally, however, the sub-scan feed is executed by feeding 
a printing paper with the sheet feed motor 23 (Fig. 5). 
[0093] As shown on the left-hand side of Fig. 19(A), 
the sub-scan feed amount L is fixed to four dots. On 
every sub-scan feed, the four nozzles are shifted by four 
dots in the sub-scanning direction. When the number of 
scan repeats s is equal to one, each nozzle can record 
all dots (pixels) on the raster line. The right-hand side of 
Fig. 19(A) shows the nozzle numbers of the nozzles 
which record dots on the respective raster lines. There 
are non-serviceable raster lines above or below those 
raster lines that are drawn by the broken lines, which 
extend rightward (in the main scanning direction) from a 
circle representing the position of the nozzle in the sub- 
scanning direction. Recording of dots is thus prohibited 
on these raster lines drawn by the broken lines. On the 
contrary, both the raster lines above and below a raster 
line that is drawn by the solid line extending in the main 
scanning direction are recordable with dots. The range 
in which all dots can be recorded is hereinafter referred 
to as the **effective record area" (or the "effective print 
area"). The range in which the nozzles scan but all the 
dots cannot be recorded are referred to as the "non- 
effective record area (or the "non-effective print area)". 
All the area which is scanned with the nozzles (including 
both the effective record area and the non-effective 
record area) is referred to as the nozzle scan area. 
[0094] Various parameters related to the scanning 
scheme are shown in Fig. 19(B). The parameters of the 
scanning scheme include the nozzle pitch k [dots], the 
number of used nozzles n, the number of scan repeats 
s. number of effective nozzles Neff, and the sub-scan 
feed amount L [dots]. The nozzle pitch k [dots] indicates 
how many pitches (dot pitches) in the resulting recorded 
image correspond to the interval between the center 
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points of the nozzles on the print head. In the example 
of Fig. 19, k is equal to 3. The number of used nozzles 
n denotes the number of nozzles actually used for dot 
formation among all the nozzles mounted on the print 
head. In the example of Fig. 1 9, n is equal to 4. 5 
[0095] When the nozzles arranged in zigzag (Fig. 2) 
are divided into the two nozzle groups, that is, the even 

nozzle group #0. #2 #14 artd the odd nozzle group 

#1, #3 #15, as described in the first embodiment, 

the nozzle pitch 2k in each nozzle group shown in Fig. 2 10 
corresponds to the nozzle pitch k in Fig. 19. 
[0096] The number of scan repeats s indicates how 
many passes (main scans) are required to fill each main 
scanning line with dots. The number of scan repeats s 
also means that dots are formed intermittently once is 
every s dots during one main scan. The number of scan 
repeats s is accordingly equal to the number of nozzles 
used for recording all the dots on the respective main 
scanning lines. In the description hereinafter, the main 
scanning line is referred to as the 'raster line'. In the 20 
example of Fig. 19, s is equal to 1 because each raster 
line is filled by one pass. As will be described later, 
when s is equal to or greater than 2, dots are formed 
intermittently in the main scanning direction. The 
number of effective nozzles neff is obtained by dividing 25 
the number of used nozzles n by the number of scan 
repeats s. The number of effective nozzles neff may be 
regarded as the net number of raster lines that can be 
fully recorded during a single main scan. The meaning 
of the number of effective nozzles neff will be further 30 
discussed later. 

[0097] The table of Fig. 19(B) shows the sub-scan 
feed amount U its accumulated value ZL, and a nozzle 
offset F after each sub-scan feed. The offset F is a value 
indicating the distance in number of dots between the 35 
nozzle positions and reference positions of offset 0. The 
reference positions are presumed to be those periodic 
positions which include the initial positions of the noz- 
zles where no sub-scan feed has been conducted 
(every fourth dot in Fig. 19(A)). For example, as shown 40 
in Fig. 19(A), a first sub-scan feed moves the nozzles in 
the sub-scanning direction by the sub-scan feed amount 
L (4 dots). The nozzle pitch k is 3 dots as mentioned 
above. Tr.e offset F 0I the nozzles after the first tujb- 
scan feed is accordingly 1 (see Fig. 1 9(A)). Similarly, the 45 
position of the nozzles after the second sub-scan feed is 
SL(=8) dots away from the initial position so that the off- 
set F is 2. The position of the nozzles after the third sub- 
scan feed is LL(=12) dots away from the initial position 
so that the offset F is 0. Since the third sub-scan feed so 
brings the nozzle offset F back to zero, all dots of the 
raster lines within the effective record area can be serv- 
iced by repeating the cycle of 3 sub-scans. 
[0098] As will be understood from the above example, 
when the nozzle position is apart from the initial position ss 
by an integral multiple of the nozzle pitch k, the offset F 
is zero. The offset F is given by (rL)%k. where SL is the 
accumulated value of the sub-scan feed amount L, k is 



the nozzle pitch, and is an operator indicating that 
the remainder of the division is taken. Viewing the initial 
position of the nozzles as being periodic, the offset F 
can be viewed as an amount of phase shift from the ini- 
tial position. 

[0099] When the number of scan repeats s is one, the 
following conditions are required to avoid skipping or 
overwriting of raster lines in the effective record area: 

Condition c1 : The nunnber of sub-scan feeds in one 
feed cycle is equal to the nozzle pitch k. 
Condition c2: The nozzle offsets F after the respec- 
tive sub-scan feeds in one feed cycle assume differ- 
ent values in the range of 0 to (k-1). 
Condition c3: Average sub-scan feed amount (ZL/k) 
is equal to the number of used nozzles n. In other 
words, the accumulated value ZL of the sub-scan 
feed amount L for the whole feed cycle is equal to a 
product (nxk) of the number of used nozzles n and 
the nozzle pitch k. 

[01 00] The above conditions can be understood as fol- 
lows. Since (k-1) raster lines are present between 
adjoining nozzles, the number of sub-scan feeds 
required in one feed cycle is equal to k so that the (k-1) 
raster lines are serviced during one feed cycle and that 
the nozzle position returns to the reference position (the 
position of the offset F equal to zero) after one feed 
cycle. If the number of sub-scan feeds in one feed cycle 
is less than k, some raster lines will be skipped. If the 
number of sub-scan feeds in one feed cycle is greater 
than k, on the other hand, some raster lines will be over- 
written. The first condition c1 is accordingly required. 
[0101] If the number of sub-scan feeds in one feed 
cycle is equal to k, there will be no skipping or ovenwrit- 
ing of raster lines to be recorded only when the nozzle 
offsets F after the respective sub-scan feeds in one feed 
cycle take different values in the range of 0 to (k-1). The 
second condition c2 is accordingly required. 
[0102] When the first and the second conditions c1 
and c2 are satisfied, each of the n nozzles records k 
raster lines in one feed cycle. Namely nxk raster lines 
can be recorded in one feed cycle. When the third con- 
dition c3 is satisfied, th3 *:ozzle positiorj after one feed 
cycle (that is, after the k sub-scan feeds) is away from 
the initial position by the nxk raster lines as shown in 
Fig. 19(A). Satisfying the above first through the third 
conditions c1 to c3 thus prevents skipping or ovenwriting 
of raster lines to be recorded in the range of nxk raster 
lines. 

[0103] Figs. 20(A) and 20(B) show the basic condi- 
tions of a general scanning scheme when the number of 
scan repeats s is no less than 2. When the number of 
scan repeats s is 2 or greater, each raster line is 
recorded with s different nozzles. In the description 
hereinafter, the scanning scheme adopted when the 
number of scan repeats s is not less than 2 is referred to 
as the "overlap scheme". 
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[0104] The scanning scheme shown in Figs. 20(A) 
and 20(B) amounts to that obtained by changing the 
number of scan repeats s and the sub-scan feed 
amount L among the scanning scheme parameters 
shown in Fig. 19(B). As will be understood from Fig. 5 
20(A), the sub-scan feed amount L in the scanning 
scheme of Figs. 20(A) and 20(B) Is a constant value of 
two dots. In Fig. 20(A). the nozzle positions after the 
odd-numbered sub-scan feeds are indicated by the dia- 
monds. As shown on the right-hand side of Fig. 20(A), 
the dot positions recorded after the odd-numbered sub- 
scan feed are shifted by one dot in the main scanning 
direction from the dot positions recorded after the even- 
numbered sub-scan feed. This means that the plurality 
of dots on each raster line are recorded intermittently by 
each of two different nozzles. For example, the upper- 
most raster in the effective record area is intermittently 
recorded on every other dot by the No. 2 nozzle after the 
first sub-scan feed and then intermittently recorded on 
every other dot by the No. 0 nozzle after the fourth sub- 
scan feed. In the overlap scheme, each nozzle is gener- 
ally driven at an intermittent timing so that recording is 
prohibited for (s-1 ) dots after recording of one dot during 
a single main scan. 

[0105] In the overlap scheme, the multiple nozzles 
used for recording the same raster line are required to 
record different positions shifted from one another In the 
main scanning direction. The actual shift of recording 
positions In the main scanning direction is thus not 
restricted to the example shown in Fig. 20(A). In one 
possible scheme, dot recording is executed at the posi- 
tions indicated by the circles shown in the right-hand 
side of Fig. 20(A) after the first sub-scan feed, and is 
executed at the shifted positions indicated by the dia- 
monds after the fourth sub-scan feed. 
[0106] The lower-most row of the table of Fig. 20(B) 
shows the values of the offset F after each sub-scan 
feed in one feed cycle. One feed cycle includes six sub- 
scan feeds. The offsets F after each of the six sub-scan 
feeds assume every value between 0 and 2, twice. The 
variation in the offset F after the first through the third 
sub-scan feeds Is identical with that after the fourth 
through the sixth sub-scan feeds. As shown on the left- 
hand side of Fig. 20(A), the six sub-scan feeds included 
in one feed cycle can be divided into two sets of sub- 
cycles, each including three sub-scan feeds. One feed 
cycle of the sub-scan feeds Is completed by repeating 
the sub-cycles s times. 

[0107] When the nunnber of scan repeats s is an inte- 
ger of not less than 2, the first through the third condi- 
tions c1 to c3 discussed above are rewritten into the 
following conditions cV through c3': 

Condition c1 The number of sub-scan feeds in one 
feed cycle is equal to a product (kxs) of the nozzle 
pitch k and the number of scan repeats s. 
Condition c2': The nozzle offsets F after the respec- 
tive sub-scan feeds In one feed cycle assume every 



value between 0 to (k-1), s times. 
Condition c3': Average sub-scan feed amount 
{£L/(kxs)} is equal to the number of effective noz- 
zles neff (=n/s). In other words, the accumulated 
value ZL of the sub-scan feed amount L for the 
whole feed cycle is equal to a product {neff x (kxs)} 
of the nunnber of effective nozzles neff and the 
number of sub-scan feeds (kxs). 

[01 08] The above conditions c1 ' through c3' hold even 
when the number of scan repeats s is one. This means 
that the conditions c1* through c3' generally hold for the 
scanning scheme irrespective of the nunnber of scan 
repeats s. When these three conditions c1' through c3' 
are satisfied, there is no skipping or overwriting of dots 
recorded in the effective record area. If the overlap 
scheme is applied (if the number of scan repeats s is not 
less than 2), the recording positions on the same raster 
should be shifted from each other in the main scanning 
direction. 

[0109] Partial overlapping may be applied for some 
scanning schemes. In the "partial overlap" scheme, 
some raster lines are recorded by one nozzle and other 
raster lines are recorded by multiple nozzles. The 
number of effective nozzles neff can be also defined in 
the partial overlap scheme. By way of example, if two 
nozzles among four used nozzles cooperatively record 
one identical raster line and each of the other two noz- 
zles records one raster line, the number of effective noz- 
zles neff is 3. The three conditions cV through c3' 
discussed above also hold for the partial overlap 
scheme. 

[01 1 0] It may be considered that the number of effec- 
tive nozzles neff indicates the net number of raster lines 
recordable in a single main scan. For example, when 
the number of scan repeats s Is 2. n raster lines can be 
recorded by two main scans where n is the number of 
actually-used nozzles. The net number of raster lines 
recordable in a single main scan is accordingly equal to 
n/S (that is, neff). The number of effective nozzles neff 
in this embodiment corresponds to the number of effec- 
tive dot forming elements in the present invention. 
[0111] Fig. 21 shows a first scanning scheme in the 
embodiment of the present invention. The scan param- 
eters of this scanning scheme are shown in the bottom 
of Fig. 21. where the nozzle pitch k is equal to 4 dots, 
the nunnber of used nozzles n is equal to 8. the number 
of scan repeats s is equal to 1 , and the number of effec- 
tive nozzles neff is equal to 8. 

[0112] In the example of Fig. 21 , nozzle numbers #0 
through #7 are allocated to the eight used nozzles from 
the top. In the first scanning scheme, four sub-scan 
feeds constitute one cyde, and the amount of the sub- 
scan f ed L is varied in the sequence of 10. 7, 6. and 9 
dots. This means that a plurality of different values are 
used for the sub-scan feed amount L The positions of 
the eight nozzles in the respective sub-scan feeds are 
shown by four different figures. The right end of Fig. 21 
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shows by which nozzle and after which sub-scan feed 
the dots on the raster lines in the effective record area 
are to be recorded. In the first scanning scheme, a non- 
effective record area of 20 raster lines is present before 
the effective record area. Namely the effective record 5 
area starts at the 21st raster line from the upper end of 
the nozzle scan area (the range including the effective 
record area and the non-effective record area). The 
nozzle position in the first main scan is set to be apart 
from the upper end of the printing paper by a predeter- w 
mined distance. The earlier starting position of the 
effective record area enables the dots to be recorded 
from the position closer to the upper end of the printing 
paper. 

[0113] Figs. 22(A) and 22(B) show the scan parame- is 
ters and the raster numbers of the effective raster lines 
recorded by the respective nozzles in the first scanning 
scheme. The table of Fig. 22(A) shows the sub-scan 
feed amount L and its summation XL for each sub-scan 
feed, the offset F of the nozzle after each sub-scan feed, 20 
and the offset G of the sub-scan feed amount L. The off- 
set G of the sub-scan feed amount L is the remainder 
obtained by dividing the sub-scan feed amount L by the 
nozzle pitch k. The meaning of the offset G of the sub- 
scan feed amount L will be described later In detail. 25 
[0114] The parameters shown in Fig. 22(A) satisfy the 
three conditions c1 * through c3* discussed above. The 
number of sub-scan feeds in one cycle is equal to the 
product (kxs=4) of the nozzle pitch k(=4) and the 
number of scan repeats s(=1) (first condition cT). The 30 
offset F of the nozzle after each sub-scan feed in one 
cycle assumes the values in the range of 0 to (k-1) (i.e., 
in the range of 0 to 3) (second condition 02*). The aver- 
age sub-scan feed amount (SUk) is equal to the number 
of effective nozzles neff(=8) (third condition c3y The 35 
first scanning scheme accordingly satisfies the funda- 
mental requirement that there is no dropout or overlap 
of recorded raster lines in the effective recording area. 
[01 1 5] The first scanning scheme also has the follow- 
ing two features. The first feature is that the nozzle pitch 40 
k and the number of used nozzles n are integers which 
are no less than 2 and which are not relatively prime. 
The second feature is that a plurality of different values 
are used fcr the sub-scan feed amount L. As discussed 
previously in the prior art. the conventional scanning 45 
scheme sets the number of nozzles n and the nozzle 
pitch k at the integers that are relatively prime. The 
number of nozzles n actually used among a large 
number of nozzles provided is thus restricted to the 
value that is prime to the nozzle pitch k. In other words, so 
the problem of the conventional process is that the noz- 
zles provided are not sufficiently used in many cases. 
Application of the scanning scheme having the first fea- 
ture that the nozzle pitch k and the number of used noz- 
zles n are integers which are no less than 2 and which ss 
are not relatively prime, on the other hand, advanta- 
geously increases the number of used nozzles as many 
as possible. The second feature allows the fundamental 



requirement that there is no dropout or overlap of 
recorded raster lines in the effective record area to be 
satisfied when the scanning scheme has the first fea- 
ture. There will be dropout or overlap of raster lines if the 
scanning scheme that has the first feature and a fixed 
sub-scan feed amount L is applied. 
[01 1 6] The scanning scheme using a plurality of differ- 
ent sub-scan feed amounts is applicable not only to the 
case in which the nozzle pitch k and the number of used 
nozzles n are integers of not less than 2 that are not rel- 
atively prime, but to the case in which the nozzle pitch k 
and the number of used nozzles n are prime to each 
other. 

[0117] Fig. 22(B) shows the raster numbers of the 
effective raster lines recorded by the respective nozzles 
in the main scan after each sub-scan feed in the first 
scanning scheme. The left-hand side of Fig. 22(B) 
shows the nozzle numbers #0 through #7. The values 
on the right-hand side of the nozzle numbers represent 
which raster lines in the effective record area are 
recorded by the respective nozzles after the 0th to 7th 
sub-scan feeds. By way of example, in the main scan 
after the 0th sub-scan feed (that is, in the first main scan 
for recording the effective record area), the nozzles #5 
through #7 record the 1st. 5th. and 9th effective raster 
lines. In the main scan after the 1st sub-scan feed, the 
nozzles #3 through #7 record the 3rd, 7th, 11th, 15th. 
and 19th effective raster lines. The term "effective raster 
lines** here denotes the raster lines in the effective 
record area. 

[0118] It can be understood that, in Fig. 22(B), a dif- 
ference between raster numbers of the effective raster 
lines recorded during one main scan is equal to the noz- 
zle pitch k(=4). One scan cycle accordingly records nxk 
(that is. 32) raster lines. Since any successive nozzles 
are apart from each other by the nozzle pitch k, one 
cycle does not record 32 sequential raster lines as 
clearly understood from Fig. 21 . Fig. 22(B) shows which 
nozzles are used to record the first 32 raster lines in the 
effective record area. 

[01 1 9] In Fig. 22(B), the effective raster numbers writ- 
ten in the brackets show that the raster lines at the posi- 
tions having the equivalent scanning conditions have 
been raoorded m the previous cyclo. Nsmaly ihe differ- 
ence obtained by subtracting 32 from the numeral in the 
brackets indicates the equivalent raster line number. For 
example, the raster line of the effective raster number 
36 recorded by the nozzle #0 is present at the position 
having the equivalent scanning conditions to those of 
the raster line of the effective raster number 4. 
[01 20] Fig. 23 shows the nozzle numbers for recording 
the effective raster lines in the first scanning scheme. 
The numerals 1 through 31 on the left-end column of 
Fig. 23 show the effective raster numbers. The right- 
hand side of Fig. 23 shows the positions of the effective 
raster lines recorded by the eight nozzles #0 through #7 
in the main scans after the respective sub-scan feeds. 
For example, in the main scan after the 0th sub-scan 
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feed, the nozzles #5 through #7 record the 1st. 5th, and 
9th effective raster lines, respectively. Comparison 
between Fig. 23 and Fig. 22(B) clearly shows the rela- 
tionship between the effective raster lines and the noz- 
zle numbers. s 
[01 21 ] Four different symbols " • "x", "t", and "i" in 
the second-left column of Fig. 23 show whether or not 
the adjoining raster lines have already been recorded 
before the recording of each raster line. The respective 
symbols have the following meaning: 

i: Only one raster line immediately below itself has 
already been recorded. 

t: Only one raster line immediately above itself has 
already been recorded. 

x: Both raster lines above and below itself have 
already been recorded. 

• : Neither of the raster lines above and below itself 
have been recorded. 

[01 22] The recording state of the adjoining raster lines 
above and below each raster line affects the image 
quality of the raster line being recorded. The effects on 
the image quality are ascribed to the dryness of ink on 
the adjoining raster lines that have already been 
recorded and to sub-scan feed errors. If the pattern by 
the four different symbols appears at a relatively large 
interval, it may deteriorate the image quality of the 
whole image. In the first scanning scheme shown in Fig. 
23. however, the pattern by the four different symbols 
does not show any dear periodicity. It is accordingly 
expected that the first recording scheme causes less 
deterioration of the image quality due to this reason but 
enables an image of relatively high image quality to be 
recorded. 

[0123] The third-left column of Fig. 23 shows the value 
A representing how many sub-scan feeds have been 
executed at the maximum between recording of each 
raster line and recording of the adjoining raster line. The 
value A is hereinafter referred to as the "sub-scan feed 
number difference". By way of example, the second 
effective raster line is recorded by the nozzle #1 after 
the 2nd sub-scan feed, whereas the first raster line is 
recorded by the nozzle #5 after the 0th sub-scan feed 
and the third raster line is recorded by the nozzle #3 
after the 1st sub-scan feed. The sub-scan feed number 
difference A is accordingly equal to 2 with respect to the 
second raster line. In a similar manner, the fourth raster 
line is recorded after three sub-scan feeds have been 
executed since recording of the fifth raster line. The sub- 
scan feed number difference A is thus equal to 3 with 
respect to the fourth raster line. 
[0124] Since one cycle consists of k(=4) sub-scan 
feeds, the sub-scan feed number difference A may be 
the value in the range of 0 to k. In the first scanning 
scheme for k=4, it is understood that the maximum sub- 
scan feed number difference A is equal to 3, which is 
smaller than the possible upper limit value k(=4). 



[0125] It is ideal that the sub-scan feed is carried out 
strictly by the amount equal to an integral multiple of the 
dot pitch. In the actual state, however, the sub-scan feed 
has some feeding error. The sub-scan feed error is 
accumulated at every time of sub-scan feed. When a 
large number of sub-scan feeds are interposed between 
recording of adjoining two raster lines, the accumulated 
sub-scan feed error may cause a positional misalign- 
ment of the adjoining two raster lines. As mentioned 
above, the sub-scan feed number difference A shown in 
Fig. 23 denotes the number of sub-scan feeds carried 
out between recording of the adjoining raster lines. The 
smaller sub-scan feed number difference A is prefera- 
ble, in order to minimize the positional misalignment of 
the adjoining raster lines due to the accumulated sub- 
scan feed error. In the first scanning scheme for k=4 
shown in Fig. 23, the sub-scan feed number difference 
A is not greater than 3 and is smaller than the upper limit 
value 4. This allows a favorable image to be recorded 
from this viewpoint. 

[0126] The first scanning scheme described above 
may be applied to drive the print head 2 (see Fig. 9) in 
the first embodiment as well as to drive the print head 
11 (see Fig. 14) in the second embodiment. It should, 
however, be noted that the scanning parameters in the 
first scanning scheme relate to one nozzle group (either 
the even nozzle array or the odd nozzle array in the first 
embodiment). The dot recording processes of the first 
and second embodiments described above are charac- 
terized by the procedure of forming each pixel, and the 
first and the second embodiments are thus arbitrarily 
applicable to the cases of different settings for the sub- 
scan feed amounts L in the scanning scheme and the 
different recording sequence of the respective pixels on 
an identical raster line. The first and second embodi- 
ments are also applicable to a variety of other scanning 
schemes described below. 

[0127] Fig. 24 shows the scan parameters and the 
raster numbers of the effective raster lines recorded by 
the respective nozzles in a third scanning scheme using 
plural values of sub-scan feed amounts. In the second 
scanning scheme, the nozzle pitch k is equal to 8 dots 
and the number of used nozzles n is equal to 16. The 
number of scan repeats is equal to 1 . Like the first scan- 
ning scheme, the second scanning scheme has the first 
feature that the nozzle pitch k and the number of used 
nozzles n are integers which are no less than 2 and 
which are not relatively prime, and the second feature 
that a plurality of different values are used for the sub- 
scan feed amount L. 

[01 28] Fig. 25 shows the nozzle numbers for recording 
the effective raster lines in the second scanning 
scheme. In the second scanning scheme, the pattern of 
the symbols @ representing the recording state of the 
adjoining raster lines above and below each raster line 
does not have a significantly large period. It is accord- 
ingly expected to attain the relatively high image quality. 
The difference in number of sub-scan feeds A is equal 
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to either 3 or 5, which is significantly smaller than the 
possible upper limit 8. This arrangement reduces the 
accumulated error of sub-scan feed and thereby ena- 
bles a favorable image to be recorded. 
[0129] In addition to the two features discussed s 
above, the second scanning scheme has another fea- 
ture with respect to the sub-scan feed amount L. In the 
second scanning scheme, the sub-scan feed amount L 
assumes values of 13 and 21 and the offset G (=L%k) of 
the sub-scan feed amount L is a constant value as io 
shown in the table of Fig. 24(A). The offset G denotes a 
deviation of the periodical positions (that is, the phase 
deviation) of the plurality of nozzles after a sub-scan 
feed from the periodical positions of these nozzles 
before the sub-scan feed. For example, when the offset is 
G is equal to zero (that is, when the sub-scan feed 
amount L Is an integral multiple of the nozzle pitch k), 
the periodical positions of the nozzles after the sub- 
scan feed overlaps the periodical position of the nozzles 
before the sub-scan feed. In order to avoid such an 20 
overlap, the offset G is generally not equal to zero. 
According to the periodicity of the arrangement of the 
nozzles, the fixed offset G with respect to the sub-scan 
feed amount L causes the nozzles to be fed by a fixed 
amount of shift in the sub-scanning direction. By way of 25 
example, when the offset G is equal to 1 . the nozzles 
will be arranged at the positions whose phase Is shifted 
downward by one raster line from the nozzle positions 
before the sub-scan feed. 

[01 30] The offset G of the sub-scan feed amount L will 30 
not be equal to zero In any case. As clearly understood 
from the definition of the offset G, the value of the offset 
G Is smaller than the nozzle pitch k. Especially when the 
offset G Is constant, the offset G Is set at an integer that 
is relatively prime to the nozzle pitch k. Such setting 35 
enables the condition c2' discussed above, that Is, The 
offset F of the nozzles after each sub-scan feed 
Included in one cycle takes a value In the range of 0 to 
(k- 1) and the value Is repeated s times.*, to be satisfied. 
A desirable value for the constant offset G of the sub- 40 
scan feed amount L is determined by considering the 
following factors. 

[0131] Fig, 26 shows an example of the scanning 
scheme Ahen the offset G is fixed to one. In this exam- 
ple, the raster line 9 is recorded after a first sub-scan 45 
feed in the effective recording area. The raster line 8 Is 
recorded after seven sub-scan feeds since then. The 
errors of k times of sub-scan feeds re accordingly accu- 
mulated between these two raster lines. The raster lines 
1 8 and 1 7 hold a similar relation. With a view to prevent- so 
ing the error of sub-scan feed from being accumulated, 
It Is desirable to set the sub-scan feed amount L in such 
a manner that the offset G of the sub-scan feed amount 
L has a value other than 1 . Like the case of G=1 , In the 
case of the offset G equal to (k-1), the error of k sub- ss 
scan feeds Is accumulated. It is accordingly desirable to 
set the offset G equal to a value other than (k-1). 
[0132] In the example of Fig. 26, the pattern of the 



symbols @ representing the recording state of the 
adjoining raster lines above and below each raster line 
shows a significantly large cycle. It is accordingly possi- 
ble that a pattern of the large cycle Is observed In a 
recorded image. In order to prevent the periodic pattern 
from appearing, it Is preferable that the constant offset 
G Is set at a value other than 1 and (k-1) to. 
[01 33] When taking Into account of the above factors, 
the constant offset G Is preferably set at a value which 
Is prime to the nozzle pitch k and In the range of 2 to (k- 
2) when the offset G of the sub-scan feed amourrt L Is 
fixed to a constant value. Fig. 27 shows preferable com- 
binations of the nozzle pitch k and the offset G of the 
sub-scan feed amount. The values shown in Fig. 27 all 
satisfy the conditions of the desirable offset G. 
[01 34] When the offset G is equal to either 1 or (k-1), 
adjoining raster lines are recorded in a successive man- 
ner. In this case, before the ink Is dried on a raster line 
just recorded, the recording on an adjoining raster line 
starts, thereby causing a blur of ink The similar phe- 
nomenon occurs not only when the offset G has a con- 
stant value but the offset G is varied for each sub-scan 
feed amount L In order to prevent the blur of Ink, 
whether or not the offset G of the sub-scan feed amount 
L Is constant, it Is preferable to set the sub-scan feed 
amount L so that the offset G takes a value other than 1 
and (k-1). 

[01 35] In the second scanning scheme, the plurality of 
values (13 and 21) are used for the sub-scan feed 
amount L, and the offset G of the sub-scan feed amount 
L Is a preferable constant value. This arrangement 
effectively prevents the accumulation of the sub-scan 
feed errors, thereby enabling an image of high image 
quality to be recorded. 

[0136] Figs. 28(A) and 28(B) show the scan parame- 
ters and the raster numbers of the effective raster lines 
recorded by the respective nozzles In a third scanning 
scheme using plural values of sub-scan feed amounts. 
The difference between the third scanning scheme and 
the second scanning scheme shown in Figs. 24(A) and 
24(B) is only the sub-scan feed amount L. Like the sec- 
ortd scanning scheme, the third scanning scheme has 
the first feature that the nozzle pitch k and the number 
of used nozzles n are integers which are no lo^s tiian 2 
and which are not relatively prime, and the second fea- 
ture that a plurality of different values are used for the 
sub-scan feed amount L The third scanning scheme 
also has the third feature that the offset G (=L%k) of the 
sub-scan feed amount L is a constant value. As shown 
in Fig. 27 discussed above, the value (=5) of the offset 
G of the sub-scan feed amount L In the third scanning 
scheme is an especially preferable one. 
[01 37] Fig. 29 shows the nozzle numbers for recording 
the effective raster lines in the third scanning scheme. 
Like the second scanning scheme shown in Fig. 25. In 
the third scanning scheme, the pattern of the symbols 
@ representing the recording state of the adjoining 
raster lines above and below each raster line does not 
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have a significantly large cycle. It is accordingly 
expected to attain a relatively favorable image quality. 
Since the difference in number of sub-scan feeds A is 
equal to either 3 or 5, which is significantly smaller than 
the possible upper limit 8, a favorable image can be s 
recorded from the viewpoint of smaller accumulated 
error of the sub-scan feed. 

[01 38] Having the variety of features that are substan- 
tially similar to those of the second scanning scheme, 
the third scanning scheme can record a high quality io 
image in the same manner as the second scanning 
scheme. 

[0139] Fig. 30 shows the scan parameters in a fourth 
scanning scheme using plural values of sub-scan feed 
amounts. In the fourth scanning scheme, the nozzle 75 
pitch k is equal to 8 dots and the number of used noz- 
zles n is equal to 32. The number of scan repeats s is 
equal to 2 and the number of effective nozzles neff is 
equal to 16. As clearly understood from the comparison 
with the parameters in the third scanning scheme so 
shown in Fig. 28, the number of effective nozzles neff in 
the fourth scanning scheme is Kept equal to that in the 
third scanning scheme, whereas the number of scan 
repeats s is set equal to 2 and the number of used noz- 
zles n is doubled in the fourth scanning scheme. Since 25 
the nozzle pitch k and the number of effective nozzles 
neff in the fourth scanning scheme are equal to those in 
the third scanning scheme, the same values as those of 
the third scanning scheme are used for the sub-scan 
feed amount L. However, since the eight sub-scan feeds 30 
shown in the table of Fig. 30 records the raster lines 
only once, another eight sub-scan feeds are executed to 
record dots without any space. The eight sub-scan 
feeds shown in the table of Fig. 30 accordingly corre- 
spond to the sub-cycle in Fig. 20(A) discussed previ- 35 
ously. 

[0140] Fig. 31 shows the raster numbers of the effec- 
tive raster lines recorded by the respective nozzles in 
the fourth scanning scheme. The raster numbers of Fig. 
31 are similar to those of the third scanning scheme 40 
shown in Figs. 28(A) and 28(B). The raster line with a 
negative number represents that dots are recorded at 
the positions which are shifted by one dot in the main 
scanning direction on the raster line. Fig. 32 shows the 
nozzle numbers for recording the effective raster lines in 45 
the fourth scanning scheme. In Fig. 32, the nozzle with 
a negative number represents that the nozzle records 
dots at the positions which are shifted by one dot in the 
main scanning direction. As clearly understood from the 
drawing, two nozzles of different numbers are posi- so 
tioned on the same raster line, and the respective noz- 
zles record dots at the positions which are shifted by 
one dot in the main scanning direction on the raster line. 
This enables all the dots in the effective recording area 
to be recorded. In general, s pieces of different nozzles ss 
(s denotes the number of scan repeats) are positioned 
on the same raster line, and the s pieces of nozzles 
respectively record dots at the positions which are 



shifted from one another in the main scanning direction 
on the raster line. 

[0141] Having similar features to those of the third 
scanning scheme except for the number of scan repeats 
s, the fourth scanning scheme can record a high quality 
image in the same manner as the third scanning 
scheme. 

[0142] Although the above embodiments are con- 
cerned with scanning schemes for one color, application 
of the scanning scheme to each color will implement 
color printing with plural colors of inks. 
[0143] The principle of the present invention is appli- 
cable not only to the color printing but to the mono- 
chrome printing. The present invention is also 
applicable to the printing that expresses each pixel with 
a plurality of dots to attain multi-tones. The present 
invention is further applicable to drum scan printers. In 
the drum scan printer, the rotating direction of the drum 
corresponds to the main scanning direction, and the 
feeding direction of the carriage corresponds to the sub- 
scanning direction. The present invention is applicable 
not only to the ink jet printers but in general to any dot 
recording apparatuses that record dots on the surface 
of a printing medium with a recording head having plural 
arrays of dot-forming elements. The "dot-forming ele- 
ments" here denote elements for forming the dots, such 
as the ink nozzles in the ink jet printer. 
[0144] The structure embodied by hardware circuitry 
in the above embodiments can be replaced by software, 
and on the contrary, the structure embodied by software 
can be replaced by hardware circuitry. For example, the 
function of the control circuit 40 of the color printer 22 
(Fig. 2) may be implemented by the computer. In this 
case, a corrputer program such as the printer driver 96 
executed the same control function as that of the control 
circuit 40. 

[0145] The computer programs for implementing 
those functions are provided as stored on a computer 
readable medium, such as floppy disks or CD-ROMs. 
The computer 90 reads the computer programs from 
the storage medium and transfer them to the internal 
storage device or to the external storage device. Alter- 
natively the conputer programs may be supplied from a 
program supply apparatus to the computer 90 via a 
communications path. At the time of executing the func- 
tions of the computer programs, the programs stored in 
the main memory are executed by the microprocessor 
of the conputer 90. Alternatively, the computer 90 may 
read out corrputer programs stored on the storage 
medium to directly execute it. 

[0146] In the specification hereof, the term computer 
90 implies both the hardware and its operating system 
and more specifically represents the hardware operat- 
ing under the control of the operating system. The com- 
puter programs cause the computer 90 to implement 
the above functions. Part of these functions may be 
implemented by the operating system instead of the 
applications programs. 
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[0147] The "computer readable medium" in the 
present invention is not restricted to the portable stor- 
age medium, but includes a variety of internal storage 
devices in the computer, for example. RAMs and ROMs, 
and external storage devices connected with the com- 
puter, for example, hard disks. 

[0148] As described above, under the condition of the 
3-value outputs, the present invention newly spouts an 
ink droplet upon the dot formed in advance, thereby 
forming a nearly complete round dot of a greater diam- 
eter. This arrangement alleviates the occurrence of 
banding and ensures the high-quality multi-value out- 
puts without requiring complicated control. 
[0149] Moreover, the superposing of the dots having 
different densities ensures the more minute multi-value 
outputs. 

INDUSTRIAL APPLICABILITY 

[0150] The arrangement of the Ink jet printer accord- 
ing to the present invention is applicable to any printer 
that jets ink droplets with a variety of actuators, such as 
piezoelectric elements and heaters. 

Claims 

1 . An ink jet printer comprising: 

a print head having a plurality of nozzles; 
a main scan driving unit that drives the print 
head in a predetermined main scanning direc- 
tion relative to a printing medium; 
a sub-scan driving unit that drives and feeds 
the printing medium in a sub-scanning direc- 
tion, which ts perpendicular to the main scan- 
ning direction; 

a driving unit controller that controls the main 
scan driving unit and the sub-scan driving unit 
to position the print head at predetermined 
locations; 

a data storage unit that stores print image data 
including multivalue tone Information; and 
a print head-driving unit that supplies electric 
poy/ei to the print head to jet ink onto the print- 
ing medium based on the print image data 
stored In the data storage unit; 
the print head Including a plurality of nozzle 
groups, each nozzle group forming dots of sub- 
stantially identical color, the print head being 
driven to enable each nozzle group to record all 
pixels in an effective recording area on the 
printing medium; 

wherein the print head-driving unit has a multi- 
value output mode in which the print head is 
driven so that the print head can put a plurality 
of dots having the substantially identical color 
one upon another at an identical position using 
the plurality of nozzle groups, to thereby form 
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multi-value dots representing multi-levels. 

2. An ink jet printer in accordance with daim 1, 
wherein the print head driving unit puts the plurality 
of dots having the substantially identical color one 
upon another so that the multi-value dots is sub- 
stantially circular. 

3. An ink jet printer in accordance with claim 1 or 2, 

wherein the plurality of dots having the sub- 
stantially identical color include a first density 
dot having a relatively low density and a sec- 
ond density dot having a relatively high density; 
wherein the multi-levels include a first tone 
level attained by the first density dot, a second 
tone level attained by the second density level, 
and a third tone level attained by superposing 
the first and second density dots; and 
wherein the plurality of nozzle groups include 
at least one nozzle group for each of the first 
and second density dots, respectively 

4. An ink jet printer in accordance with claim 3, 

wherein the plurality of nozzle groups include 
at least two nozzle groups for at least one of the 
first density dot and the second density dot. the 
at least two nozzle groups being able to record 
all the pixels in the effective recording area; 
and 

wherein the multi-levels further include a tone 
level at which the at least nozzle groups are 
used to superpose a plurality of Identical den- 
sity dots one upon another. 

5. An ink jet printer In accordance with claim 3, 

wherein the plurality of nozzle groups include 
at least two nozzle groups for each of the first 
density dot and the second density dot, the at 
least two nozzle groups being able to record all 
the pixels in the effective recording area; and 
wherein tha mul;i- levels further !nc!ud3 a fourth 
tone level at which a plurality of the first density 
dots are laid one upon another and a fifth tone 
level at which a plurality of the second density 
dots are laid one upon another. 



50 6. An ink jet printer in accordance with any one of 
claims 1 through 5, 

wherein the data storage unit includes a plural- 
ity of data blocks for an identical ink, each of 
55 the plurality of data blocks storing one bit of 

pixel information of print image data; and 
wherein the plurality of data blocks are related 
to the plurality of nozzle groups so that 1-bit 
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8. 



print image data in each data block is used as 
data for the related nozzle group. 

An ink jet printer in accordance with any one of 
claims 1 through 6. s 

wherein each of the plurality of nozzle groups 
includes N nozzles (N being a positive integer) 
arranged at a nozzle interval k (k being a posi- 
tive integer) in the sub-scanning direction; and io 
wherein when the number of used nozzles in 
the sub-scanning direction in each nozzle 
group used for printing is equal to n (n being a 
positive integer of not greater than N), k and n 
are prime to each other. 75 

An ink jet printer in accordance with any one of 
claims 1 through 6, 

wherein the plurality of nozzle groups include 20 
an even nozzle array and an odd nozzle array, 
each having N nozzles (N being a positive inte- 
ger) arranged at a nozzle interval 2k (k being a 
positive integer) in the sub-scanning direction, 
and the even and odd nozzle arrays are apart 25 
from each other by a predetermined distance in 
the main scanning direction; and 



multi-value tone information, the computer program 
being used for forming dots on a printing medium 
with the print head, the computer program causing 
the connputer to implement: 

a main scan driving function for driving the print 
head in a predetermined main scanning direc- 
tion relative to the printing medium; 
a sub-scan driving function for driving and 
feeding the printing medium in a sub-scanning 
direction that is perpendicular to the main 
scanning direction; 

a driving unit control function for controlling the 
main scan driving function and the sub-scan 
driving function to locate the print head at pre- 
determined positions; and 
a print head driving function for controlling 
spout of ink droplets on the printing medium 
based on the print image data stored in the 
data storage unit, 

wherein the print head driving function has a 
multi-value output mode in which a plurality of 
dots having the substantially identical color are 
laid one upon another at an identical position 
by the plurality of nozzle groups, to thereby 
form multi-value dots representing multi-levels. 



wherein when the number of used nozzles in 
the sub-scanning direction in each of the even 
and odd nozzle arrays used for printing is equal 
to n (n being a positive integer of not greater 
than N), 2k and n are prime to each other. 

9. An ink jet printer in accordance with either one of 
claims 7 and 8, wherein the driving unit controller 
has a medium-feed operation mode in which a feed 
amount of the sub-scan driving unit is fixed to n 
dots. 

10. An ink jet printer in accordance with any one of 
claims 1 through 6, wherein the driving unit control- 
ler uses a combination of a plurality of different val- 
ues for feed amounts of a plurality of sub-scans. 

11. An ink jet printer in accordance with any one of 
claims 1 through 10, wherein the print head carries 
out a plurality of ink<lroplet jetting operations for the 
plurality of dots of the substantially identical color, 
the plurality of operations being carried out in differ- 
ent main scans, respectively 
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12, A computer readable recording medium storing a 
computer program used in a computer that com- 
prises a print head having a plurality of nozzle 
groups and a data storage unit, each nozzle group 
forming dots of a substantially identical color, the 
data storage unit storing print image data including 
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Fig. 3 
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Fig. 8(A) ARRANGEMENT OF NOZZLE ARRAYS 
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Fig. 8(B) DOTS FORMED BY ONE NOZZLE ARRAY 
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Fig. 10, 
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Fig. 11 
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Fig. 15 
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Fig. 16 • 
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Fig. 17. 
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Fig. 19 (A) CONCEPT OF SUB-SCAN FEED (s=l) 
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Fig. 19 (B) PARAMETERS 
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Fig. 2 0 jC A ) CONCEPT OF SUB-SCAN FEED (s=2) 
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Fig. 2 0(B) PARAMETERS 
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Fig. 2 1 FIRST DOT RECORDING SCHEME 
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FIRST SCANNING SCHEME 

Fig. 22(A) SCAN PARAMETERS 
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Fig. 22(B) RASTER NUMBERS OF EFFECTIVE RASTER LINES 
RECORDED BY RESPECTIVE NOZZLES 
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Fig. 23 

NOZZLE NUMBERS FOR RECORDING RESPECTIVE RASTER LINES 
(FIRST SCANNING SCHEME) 
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SECOND SCANNING SCHEME 

Fig. 24(A) . SCAN PARAMETERS 
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Fig. 24(B) RASTER NUMBERS OF EFFECTIVE RASTER LINES 
RECORDED BY RESPECTIVE NOZZLES 
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Fig. 25 



NOZZLE NUMBERS FOR RECORDING RESPECTIVE RASTER LINES 
(SECOND SCANNING SCHEME) 
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Fig. 26 

NOZZLE- NUMBERS FOR RECORDING RESPECTIVE RASTER LINES 
(WHEN OFFSET G OF SUB-SCAN FEED L IS A CONSTANT, 1) 
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THIRD SCANNING SCHEME 

Fig. 28(A) SCAN PARAMETERS 
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Fig. 28(B) RASTER NUMBERS OF EFFECTIVE RASTER LINES 
RECORDED BY RESPECTIVE NOZZLES 
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Fig. 29 

RASTER NUMBERS OF EFFECTIVE RASTER LINES RECORDED BY 
RESPECTIVE NOZZLES 
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Fig. 30 

SCAN PARAMETERS OF FOURTH SCANNING SCHEME 
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Fig. 32 

RASTER NUMBERS OF EFFECTIVE RASTER LINES RECORDED BY 
RESPECTIVE NOZZLES 
(FOURTH SCANNING SCHEME) 

NUMBER OF SUB-SCAN FEED 



NOZZLE @ A 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 • - . . #25 -«9 

2 X 5 #19 -»3 

3 • - #29 -t13 

4 t 3 ... #23 -#7 

5 X 5 #17 -#1 

6 • - . #27 -#11 

7 t 3 .... #21 -#5 

8 X 5 #16 -#0 

9 • - . . #26 -#10 

10 X 5 #20 -#4 

11 • - #30 -#14 

12 T 3 ... #24 -#8 

13 X 5 #18 . -#2 

14 • - . #28 -#12 

15 T 3 .... #22 -#6 

16 X 5 #17 -#1 

17 • - . . #27 -#11 

18 X 5 #21 -#5 

19 • - #31 -#15 

20 T 3 ... #25 -#9 

21 X 5 #19 -#3 

22 • - . #29 -#13 

23 T 3 .... #23 -#7 

24 X 5 #18 -#2 

25 • - . . #28 -#12 

26 T 3 #22 -#6 

27 X 5 #16 -#0 

28 • - ... #26 -«10 

29 X 5 #20 -#4 

30 • - . #30 -#14 

31 T 3 .... #24 -#8 

32 X . #19 -#3 
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